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© Coating electronic substrates with silica derived from silazane polymers. 


@ A silica coating is formed on an electronic substrate by applying a silazane polymer on the substrate 
and converting it to silica by heating in an oxidizing environment. The resultant thick planarizing 
coatings are useful as protective coatings and dielectric inner layers. 
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The present invention relates to a method of applying silica coatings on electronic substrates wherein si- 
lazane polymers are used as precursors to silica coatings. 

Various methods for the application of ceramic coatings on electronic devices are known in the art For 
instance, it is known to use gaseous precursors in a variety of vapor deposition processes to produce coatings 
of silica, silicon nitride, silicon oxynitride and silicon carbide. These coatings are taught to be useful as pro- 
tective and dielectric layers. 

Similarly, the use of polymeric precursors for depositing ceramic coatinos on electronic devices is also 
known in the art (Haluska et al. in U.S. Patents 4,749.631 and 4,756.977). The Accuglass™ product literature 
also disclose silica coatings produced by applying solutions of silica precursors to electronic devices and then 
heating the coated devices to convert the precursors to silica. These references, however, fail to disclose or 
suggest the use of polysilazanes as the silica precursors. 

Finally, the use of polysilazanes for applying silicon and nitrogen containing ceramic coatings on electronic 
devices is also known in the art. For example. Haluska et al. in U.S. Patents 4.756,977 and 4.826 733 teach 
forming ceramic coatings by applying coatings of silicon and nitrogen containing polymers, such as polysila- 
zanes. on such devices and then heating the coated devices in an inert atmosphere. Since the coatings are 
heated in an inert atmosphere, the nitrogen is maintained in the coating and silica is not formed. 

We have now found that silica coatings derived from silazane polymers can be applied on electronic sub- 
strates. Since the resultant coatings are thick, planar and defect free, they can be used as protective and di- 
electric layers. 

The present invention relates to a method for depositing a silica coating on an electronic substrate The 
method comprises first applying a coating comprising a silazane polymer on an electronic substrate. The coat- 
ed substrate is then heated in an oxidizing atmosphere at a temperature sufficient to convert the silazane poly- 
mer to a silica coating. 

The present invention introduces preceramic silazane polymers that can be used to form silica coatings 
on electronic substrates. This was particularly unexpected since it was not known whether silazane polymers 
could be converted to silica on electronic substrates without damaging the substrates and whether such coat- 
ings would have useful effects in the electronics industry. 

As used in the present invention, the expression "silica" refers to those pyrolyzed materials containing Si- 
O-Si bonds which may or may not be fully free of residual Si-C. Si-H. Si-OH, Si-OC, Si-N, N-H and/or N-C but 
which are otherwise ceramic in character. The expression "planarizing coating" refers to a coating which is less 
irregular than the surface prior to application of the coating. The expression "electronic substrate" includes 
silicon based devices, gallium arsenide based devices, focal plane arrays, opto-electronic devices, photovol- 
taic cells, optical devices, flat panel displays and integrated circuits at both wafer and assembly stage Exam- 
ples of such substrates include transistor-like devices, capacitor and capacitor-like devices, multilayer devic- 
es, 3-D devices, silicon on insulator devices and super lattice devices. 

The process of the present invention involves applying a coating comprising a silazane polymer on an elec- 
tronic substrate and then heating the coated substrate in an oxidizing atmosphere at a temperature sufficient 
to convert the silazane polymer to a silica coating. 

The polysilazanes (or silazane polymers) useful in this invention are generally well known in the art and 
their structure is not particularly critical. The polysilazanes of this invention generally contain units of the type 
[R 2 SiNH], [RSKNH)^] and/or [R 3 Si(NH) 1/2 ] wherein each R is independently selected from hydrogen- alkyi rad- 
icals of 1 to 20 carbon atoms; aryl radicals and alkenyl radicals. Naturally, the polysilazanes useful in this in- 
vention may contain other silazane units. Examples of such units include [MeSi(NH) 15 ] [Me 2 SINH] 
[V,Si(NH),. 5 ], [Vi 2 SiNH], [PhMeSiNH], PhViSiNH]. [MeViSiNH], [HSi(NH), ,1 and fH,SiNH1. As u S «d herein v'i 
.s vinyl, Ph is phenyl and Me is methyl. Mixtures of these polysilazanes may also be employed in the practice 
of this invention. 

The polysilazanes of this invention can be prepared by techniques well known in the art The actual method 
used to prepare the polysilazane is not critical. Suitable preceramic silazane polymers or polysilazanes may 
be prepared by the methods of U.S. Patents 4.540,803 and 4.543,344. Other polysilazanes suitable for use 
in this invention can be prepared by the methods of U.S. Patents 4,312,970. 4,340.619, 4.395,460 and 
4,404,153. Suitable polysilazanes also include those prepared by U.S. Patents 4,482,689 and 4 397 828 Still 
other polysilazanes include those of European Patent 0 351 747; U.S. Patent 4.543,344; European Patent 0 
332 374; U.S. Patents 4,656,300, 4.689,252 and 5,030.744. 

The preferred polysilazanes are those which have no carbon in the repeating units of the polymer since 
the resultant coatings have little carbon contamination. End blocking groups such as Me 3 Si(NH) 1/2 are accept- 
able in such polymers since they will be removed during the subsequent pyrolysis steps. 

The most preferred polymers used herein are those of Gaul in U.S. Patent 4.340.619 and those of Cannady 
in U.S. Patent 4.540,803. The silazane polymers of Gaul are prepared by contacting and reacting in an inert 
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essentially anhydrous atmosphere a chlorine containing disilane or mixture of chlorine containing disilanes of 
the general formula (Cl x R y Si) 2 with a disilazane having the general formula (R 3 , Si) 2 NH at a temperature in the 
range of 25°C. to 300°C. while distilling volatile byproducts, wherein R is vinyl, an alkyl group of 1-3 carbon 
atoms or a phenyl group; R* is vinyl, hydrogen an alkyl group of 1-3 carbon atoms or a phenyl group; x has a 
value of 0.5-3; y has a value of 0-2.5 and the sum of x+y equals 3. 

The chlorine containing disilanes of Gaul have the general formula (C! x R y Si) 2 where R is vinyl, an alkyl 
group of 1-3 carbon atoms or a phenyl group. Thus, the R groups are independently selected from methyl, 
ethyl, propyl, vinyl and phenyl. Examples of these chlorine containing disilanes include [CI(CH 3 ) 2 Si] 2 , 
[CI 2 CH 3 Si] 2 , [CljCaHfiSife, fCI(C 6 H 5 ) 2 Si] 2 , [CI 2 CH 2 =CHSi] 2 , CI(CH 3 ) 2 SiSi(CH 3 )CI 2 and CI(C 6 H 5 ) 2 SiSi(CH 3 ) 2 CI. 

Monosilanes may also be used in admixture with the above described chlorine containing disilanes. Ex- 
amples of such monosilanes include CH 3 SiCI 3 , H(CH 3 ) 2 SiCI, (CH 3 ) 2 SiCI 2 , (CH 3 ) 3 SiCI, (CH 2 =CH)(CH 3 ) 2 SiCI, 
(C 2 H 5 ) 2 SiCI 2 , CeH 5 SiCl3 as well as (C 6 H 5 ) 2 SiCI 2 and (CeH 5 ) 3 SiCI. 

The disilazane used by Gaul has the formula (R 3 'Si) 2 NH, where R' is vinyl, hydrogen, an alkyl group of 1- 
3 carbon atoms or a phenyl group. Thus, the R' groups are independently selected from hydrogen, methyl, 
ethyl, propyl, vinyl and phenyl. Examples of suitable disilazanes indude [(CH 3 ) 3 Si] 2 NH, [C 6 H 5 (CH 3 ) 2 Si] 2 NH 
[(C 6 H 5 ) 2 CH 3 Si] 2 NH, [CH 2 =CH(CH 3 ) 2 Si] 2 NH, [CH 2 =CH(CH 3 )C 6 H 5 St] 2 NH, [CH 2 =CH(C 6 H 5 ) 2 Si] 2 NH, [CH 2 - 
CH(C 2 H 5 ) 2 Si] 2 NH, [H(CH 3 ) 2 Si] 2 NH and [CH 2 =CH(C 6 H 5 )C 2 H 5 Si] 2 NH. 

An especially preferred embodiment of the Gaul inventions involve the reaction of methylchlorodisilanes 
with hexamethyldisilazane to produce methylpolydisilylazane. The above reactants are brought together in an 
inert, essentially anhydrous atmosphere. By "inert", it is meant that the reaction is carried out under a blanket 
of inert gas such as argon, nitrogen or helium. What is meant by "essentially anhydrous" is that the reaction 
is preferably carried out in an absolutely anhydrous atmosphere but minute amounts of moisture can be tol- 
erated. 

When the reactants are contacted with each other an intermediate amino compound is formed. Upon con- 
tinued heating, R 3 SiCI is distilled from the reaction mixture and the silazane polymer formed. As the temper- 
ature of reaction is raised, more condensation takes place and crosslinking occurs. This control allows one to 
stop the reaction at any point to obtain almost any desired viscosity. The desired temperature range for the 
reaction is 25°C. to 300°C. with a temperature in the range of 1 25°C. to 300°C. being more preferred. The length 
of time that the reaction requires depends on the temperature employed and the viscosity one wishes to ach- 
ieve. 

The above described silazane polymers of Gaul may have a relatively high chloride ion content and it is 
preferred that such concentration be lowered before use in the present invention. A suitable method for such 
removal is described in U.S. Patent 4,772,516. The method described therein comprises treating the polymer 
with ammonia for a time sufficient to remove the chlorine. 

The silazane poiymers of Cannady are prepared by a method which comprises contacting and reacting in 
an inert essentially anhydrous atmosphere, trichiorosilane with a disilazane at a temperature in the range of 
25°C. to 300°C. while distilling volatile byproducts. The disilazane used in the process has the formula 
(R 3 Si) 2 NH where R is selected from the group consisting of vinyl, hydrogen, phenyl and alkyl radicals containing 
1 to 3 carbon atoms. 

The trichiorosilane is treated with the disilazane in sufficient amounts to react with all of the chlorine in 
the chlorine containing silane. This is usually an equimolar amount based on the chlorine content of the tri- 
chiorosilane. 

The disilazane used in the Cannady invention has the formula (R 3 Si) 2 NH, where R is vinyl, hydrogen, 
an alkyl group of 1-3 carbon atoms or a phenyl group. Thus, the R* groups are independently selected 
from hydrogen, methyl, ethyl, propyl, vmyl and phenyl. Examples of suitable disilazanes include 
[(CH 3 ) 3 Si] 2 NH, fC 6 H 5 {CH 3 ) 2 Si] 2 NH, [(C 6 H 5 ) 2 CH 3 Si] 2 NH, [CH 2 =CH(CH 3 )2Si] 2 NH, [CH^CHCCH^CeHsSi^NH, 
[CH^CHtQHs^NH, [CH 2 =CH(C 2 H 5 ) 2 SG 2 NH, [H(CH 3 ) 2 Si] 2 NH and [CH 2 =CH(C 6 H 5 )C 2 H 5 Si] 2 NH. 

An especially preferred embodiment of the Cannady invention involves the reaction of trichiorosilane with 
hexamethyldisilazane to produce hydridopolysilazane. 

The above reactants are brought together in an inert essentially anhydrous atmosphere. By "inert", it is 
meant that the reaction is carried out under a blanket of inert gas such as argon, nitrogen or helium. What is 
meant by "essentially anhydrous" is that the reaction is preferably carried out in an absolutely anhydrous at- 
mosphere but minute amounts of moisture can be tolerated. 

When the reactants are contacted with each other an intermediate amino compound is formed. It is pre- 
ferred that the reactants are brought together in such a manner to keep the initial reaction exotherm to a mini- 
mum. Upon continued heating additional amino compound is formed and, with further heating, R 3 SiCI is dis- 
tilled from the reaction mixture and the silazane polymer formed. For best results, the rate of heating should 
be controlled at a rate of less than 1 °C./min. A heating rate of 0.5°C./min. or less is preferred. As the temperature 
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o [ reaction is raised, more condensation takes place and crosslinking occurs with residual R 3 Si that is not dis 
.Med from the mixture acting as a chain stopper. This control a.lows one to stop the reaction at any po nt to 
ZZT r dSSired ViSC ° Sity - d6Sired texture ^9* the reaction is 25X. to 300< C with a 
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depends on the temperature employed and the viscosity one wishes to achieve 

tT»T 0n 'r SeVeral , P °' ymerS ^ d6SCribed ab ° Ve ' near 'y P°<ysilazane may be used herein 
frhl n !! 18 aPPNed l ° the SUbStratS t0 f0fm 3 P^ceramic coating. Although anv conventiona' 

Ind thTT 3 " o USed ' " jS particu,ar, y P refe - ed ^ coat the substrate with a solution comprising a solvent 
Ot'er L T: a ' ° f SO ' Vent ° y eva P° ration or a simi.ar technique yie.ds the preceramic coating 

Other equivalent methods such as melt coating, however, are also contemplated herein 

If the above solution method is used, the silazane is first dissolved in a solvent Various facilitating meas- 
ures ~ch as stimng and/or heating may be used to aid in the dissolution. Solvents which may be used indude 
any which w, dissolve the si.azane to form a solution or suspension without affecting the coating "hese sol 
"ne ^ZtT TT C hydrOCarbons sucn as *y' ene - b —ne °r toluene; alkanes such as n -heptene de- 
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d.p coating spray coating or flow coating. Evaporation of the solvent by any suitable means such as sfmofe 
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an n T U ! tant C03tin9 iS the " h6ated in a " oxidizina environment which causes hydrolysis of the SiN bonds 
and loss of n.trogen to thereby facilitate conversion of the silazane to si.ica. In addition, other functionalgrZs 
on s,, lcon are removed by such an environment. Oxidizing environments such as those comprising £T 
ozone, mo.sture, oxygen plasma, ammonia and amines may be used. Although the preferred environment wi i 
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eran^rhS'LT 6 * SUbjeC !? d l ° the re3Ctive environm ents at a temperature sufficient for ceramif ication. Gen- 
eraHy. this temperature ,s 20 to 1000°C. depending on the reactive atmosphere. Preferred temperatures a"e 
in he range of 50 to 800°C. Higher temperatures usual.y result in quicker and more comp.ete cerammSion 
bu said temperatures may also have detrimental effects on various temperature sensitive substraterFoTtem: 
perature sensitive substrates, temperatures in the range of 100 to 500°C. are often preferred. The silazane 
coatings are usually subjected to these temperatures for a time sufficient to ceramify the coating qeneraHv 
up to 6 hours, with a range of 2-4 hours being preferred. coating, generally 

~n~y S °T e ° f If!* SUCh 3S 3 h0t P,ate> 3 oonvec,ion oven - ra P' d tn ermal processing or radiant or microwave 
energy can be used during the pyrolysis step. microwave 

irr^L^ a f° Ve T th0dS " 3 SNiCa planari2in 9 coatin 9 ^ produced on the substrate. The coating smooths the 
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Su£m J£,» 9 ? 9S ' S " iCOn nitrOSen C " rbon COntainin9 and/or diamond "ke carbon coatings 

Such multilayer coatings are taught in U.S. Patent No. 4.973.526 "*«ings. 

tion f0 "° Win9 6XampleS are prOVided SO that one skilled in t^ art may more readily understand the inven- 
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Examples 2-4 

Hydridopolysilazane polymer produced by the method of U.S. Patent No 4,540,803 was diluted in toluene 
to the concentration indicated in Table 1. Several drops of this solution were applied to the surface of a 2.54 
cm (1 inch) square silicon wafer and the wafer was spun at 3000 RPM for 35 seconds. The coated wafer was 
then pyrolyzed as indicated in Table 1. The results are set forth in Table 1 . 


TABLE 1 

Ex No 

i 

Cone (wt %) 

Pyrolysis Conditions 

Results 

2 

i 10 

2 hr/175°C./moist air 

Little if any reaction occurred 

! 3 

10 

! 3 hr/180°C./ozone 

FTIR - SiH gone; some SiOH still pres- 
ent; coating thickness = 0.1912 micro- 
i meters; Rl = 1.443 (8300 lambda) 

i4 

i 

25 

I 3 hr/400°C./wet ammonia and 2 
! hr/400°CVammonia 

FTIR - SiH and SiOH gone; coating 
i thickness = 0.9349 micrometers; Rl = 
: 1.472 (4050 lambda) 


Example 5 

Hydridopolysilazane polymer produced by the method of U.S. Patent No 4,540,803 was diluted to 10 wt. 
% in heptane. Several drops of this solution were applied to the surface of a 2.54 cm (1 inch) square silicon 
wafer and a 1401 1B CMOS device. The wafer and device were spun at 3000 RPM for 20 seconds. The coated 
wafer and device were then pyrolyzed at 175°C. for 1 hour in 4.5-4.7% ozone. A comparison of the FTIR spectra 
before and after conversion indicated that all of the organic and amine substitution had disappeared, but a lot 
of SiOH was still present. 

In order to remove the silanol functionality, the coated wafer and device were heated in aqueous ammonia 
for 3 hours at 1 75°C. The FTIR spectra indicated that a majority of the silanol had been removed. The CMOS 
device was operational after coating. The resultant coating was 0.2944 micrometers thick and had a refractive 
index of 1.455 at 5040 lambda. 

Example 6 

Hydridopolysilazane polymer produced by the method of U.S. Patent No 4,540,803 was diluted to 10 wt. 
% in xylene/toluene. Several drops of this solution were applied to the surface of a 10.2 cm (4 inch) square 
silicon wafer which was spun at 3000 RPM for 35 seconds. The coated wafer was then pyrolyzed at 350-380°C. 
for 4 hours in aqueous ammonia vapor. A comparison of the FTIR spectra before and after conversion indicated 
that the coating had been converted to silica. The coating was 0.1130 micrometers thick and had a refractive 
index of 1.416 at 5040 lambda. 

Example 7 

Hydridopolysilazane polymer produced by the method of U.S. Patent No 4,540,803 was diluted to 22 wt. 
% in heptane. Several drops of this solution were applied to the surface of a 2.54 cm (1 inch) square silicon 
wafer and a 5.1 cm (2 inch) square alumina substrate. The wafer and substrate were spun at 3000 RPM for 
20 seconds. The coated wafer was then pyrolyzed at 800°C. for 1 hour in air. FTIR spectra were run before 
and after pyrolysis and they showed conversion to silica. The coatings were 2.0745 micrometers thick after 2 
coats and had a refractive index of 1 .458 at 4050 lambda. The coatings on the silicon and alumina substrates 
were examined at a magnification of 1000X and found to have no cracks. 


Claims 

1. A method for depositing a silica coating on an electronic substrate comprising: 

applying a coating comprising a silazane polymer on an electronic substrate and 
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